A picosecond optical parametric amplifier, OPA, system suitable for pump and probe spectroscopy has been developed. Two OPAs are simultaneously pumped by a titanium sapphire regenerative amplifier to produce several microjoules output over the 470 to 2000nm wavelength range. One OPA used as the probe operates with c. 25cm -1 linewidth over this tuning range. The system is optimised for TR spectroscopy. Some preliminary experiments on Trolox, a water soluable Vitamin E derivative, are presented.
INTRODUCTION
Many ultrafast time-resolved techniques require two broadly and independently tunable, synchronised light pulses. Recent advances in short pulse laser technology and non-linear crystal materials such as BBO have encouraged the rapid development of optical parametric oscillators (OPOs) and traveling wave optical parametric amplifiers (OPAs) capable of meeting the needs of ultrafast spectroscopists. We have developed kilohertz repetition rate OPA systems providing a stable, high repetition rate, high spectral brightness laser source tunable through the UV and visible wavelengths [1] . The system is optimised for femtosecond/picosecond, pump and probe time-resolved absorption, reflectance and resonance Raman spectroscopies.
Description of the System
Each OPA is based, see Figure 1 , on a Type I BBO (5 [5, 6] and, as in the oneelectron oxidation reaction involving LOO, the radical cation might be expected to be a short-lived intermediate. The measured pK of the tocopheroxyl radical of-1.4 [7] suggests a picosecond lifetime for the radical cation after photoionisation. The kinetics of hydrated electron formation from Trolox C in a buffered neutral aqueous solution were observed after photoionisation with a 300fs pulse at 277 nm. The curve in Figure 2 shows that the electron is formed in two steps: about half of the absorbance is formed within the risetime of the 300 fs pulse, whereas the remaining absorbance grows in with an approximately 5 ps time constant. The electron absorbance then decays with a lifetime of about 25ps before reaching a value which is stable on the nanosecond timescale. Both the 5 ps and 25 ps processes have kH/kD of about 2.3, indicating that they are linked to the transfer of a proton [81.
We provisionally suggest that the delayed electron formation is due to deprotonation of the excited phenol which results in the autoionisation of the excited phenolate anion. The picosecond decay of the electron is proposed to be due to recombination with the geminate radical cation. Recombination is incomplete due to competition with deprotonation of the radical cation. The rate of electron decay therefore represents the combined rates of geminate radical pair separation and radical cation deprotonation. The rate of deprotonation has been estimated from observation of both the neutral and cation radicals by picosecond time-resolved resonance Raman spectroscopy, and our initial results suggest that this dominates the rate of electron decay. TR peak attributable to the C--C(usa) stretching mode of the tocopheroxyl radical cation [5] . At a ns delay (Curve C) the spectrum contains two peaks representing the CO(u7a) stretch at ca. 1490cm
and the C--C(usa) stretch at 1600cm -1 of the neutral tocopheroxyl radical. Further data show that the growth of the lower frequency band is complete at lOOps, and appears to be correlated with the electron decay observed in the transient absorption experiments such as that shown in Figure 3 . Curve A in Figure 4 shows the TR 3 spectrum using pump and probe wavelengths of 273 and 470nm respectively with a 20 ps delay. The probe wavelength in this example was obtained using the OPA system and the figure illustrates that spectra of good quality may be obtained with parametric amplification. The probe wavelength of 470nm is more strongly in resonance with the radical cation (e ca. 104dm work is now in progress in order to extract kinetic information from these time resolved resonance Raman spectra.
